We investigate the effects of R-parity violation on the semileptonic decays of B-meson in the minimal supersymmetric standard model with explicit R-parity violation and discuss its physical implications. We find that the semileptonic decays of B-meson can be largely affected by R-parity violation.
One of the most important objects of future experiments is to find supersymmetry or a hint for it. In supersymmetric models, there are gauge invariant interactions which violate the baryon number B and the lepton number L generally. To prevent presence of these B and L violating interactions in supersymmetric models, an additional global symmetry is required. This requirement leads to the consideration of the so called R-parity. The R-parity is given by the relation R p = (−1) (3B+L+2S) where S is the intrinsic spin of a field. Even though the requirement of R p conservation gives a theory consistent with present experimental searches, there is no good theoretical justification for this requirement. Therefore models with explicit R p violation (R p / ) have been considered by many authors [1] . In models without R p , the supersymmetric particles can decay into the ordinary particles alone. So the couplings which violate R p can be detected by using the usual particle detectors. If we discover a sign of R p / in future experiments, it may provide us with some hints for supersymmetry. Among future experiments, the upcoming experiments on B-mesons (BaBar, BELLE, HERA B, CLEO, RUN II at FNAL) [2] motivate the study of the effects of R p / on the decays of B-meson.
In this paper, we study the semileptonic decays of B-meson in the minimal supersymmetric standard model (MSSM) with R p / . We investigate how much R p / affects the semileptonic decay rates within the present bounds and discuss its physical implications. We find that the semileptonic decays of B-meson can be largely affected by R p / . In the MSSM the most general R p violating superpotential is given by
Here i, j, k are generation indices and we assume that possible bilinear terms µ i L i H 2 can be rotated away. L i and Q i are the SU(2)-doublet lepton and the quark superfields and E c i , U c i , D c i are the singlet superfields respectively. λ ijk and λ ′′ ijk are antisymmetric under the interchange of the first two and the last two generation indices respectively; λ ijk = −λ jik and λ ′′ ijk = −λ ′′ ikj . So the number of couplings is 45 (9 of the λ type, 27 of the λ ′ type and 9 of the λ ′′ type). Among these 45 couplings, 36 couplings are related with the lepton flavor violation. Usually, the constraints on the couplings with heavy fields are not as strong as those with light fields.
There are upper bounds on a single R p violating coupling from several different sources [3] [4] [5] [6] . Among these, upper bounds from neutrinoless double beta decay [4] , ν mass [5] and K + , t−quark decays [6] are strong. Neutrinoless double beta decay gives λ ′ 111 < 4×10 −4 . The bounds from ν mass are λ 133 < 10 −3 and λ ′ 133 < 10 −3 . From K + -meson decays one obtain λ ′ ijk < 0.012 for j = 1 and 2. Here all masses of scalar partners which mediate the processes are assumed to be 100 GeV. Extensive reviews of the updated limits on a single R p violating coupling can be found in [7] [8] .
There are more stringent bounds on some products of the R p violating couplings from the mixings of the neutral K-and B-mesons and rare leptonic decays of the K L -meson, the muon and the tau [9] , B 0 decays into two charged leptons [10] , bb productions at LEP [11] and muon(ium) conversion, and τ and π 0 decays [12] .
In this paper we assume that the B violating couplings λ ′′ are vanishing to avoid too fast proton decays. Especially in the models with a very light gravitino (G) or axino (ã), λ ′′ have to be very small independently of λ ′ from the proton decay p → K + G (or K +ã ) ; λ ′′ 112 < 10 −15 [13] . One can construct a grand unified model which has only lepton number non-conserving trilinear operators in the low energy superpotential when R p is broken only by bilinear terms of the form L i H 2 [14] . And usually it may be very difficult to discern signals of B-violating interactions above QCD backgrounds [5] .
In the MSSM with R p , the terms in the effective lagrangian relevant for the semileptonic B-meson decays are [15] 
where P R,L = 1 2 (1 ± γ 5 ), R l = r 2 m e l m Y b and r = tan β m H ± . An upper index Y denotes the running quark mass, tan β is the ratio of the vacuum expectation values of the neutral Higgs fields and m H ± is the mass of the charged Higgs fields. The first term in Eq. (2) gives the standard model (SM) contribution and the second one gives that of the charged Higgs scalars. Neglecting the masses of the electron (l = 1) and the muon (l = 2), the contribution of the charged Higgs scalars is zero. The contribution of the charged Higgs scalars is not vanishing only when l = 3 ; b → q τν τ . We neglect a term proportional to m Y c for q = c since the term is suppressed by the mass ratio m Y c /m Y b and does not have the possibly large tan 2 β factor.
In the MSSM without R p , the exchange of the sleptons and the squarks leads to the additional four-fermion interactions which are relevant for the semileptonic decays of Bmeson. Considering the fact that the CKM matrix V is not an identity matrix, the λ ′ terms of the Eq. (1) are reexpressed in terms of the the fermion mass eigenstates as follow
where N i , E i , U i and D i are the superfields with neutrinos, charged leptons, up-and downtype-quarks and λ ′ have been redefined to absorb some field rotation effects. From Eq. (1) and Eq. (3) we obtain the effective interactions which are relevant for the semileptonic decays of B-meson as follows
where we assume the matrices of the soft mass terms are diagonal in the fermion mass basis. Note that the operators in Eq. (4) take the same form as those of the MSSM with R p . Comparing with the SM, the above effective lagrangian includes the interactions even when l and n are different from each other. The dimensionless coupling constants A and B depend on the species of quark, charged lepton and neutrino and are given by
where q = u, c and l and n are the generation indices running from 1 to 3. From the numerical values of [16] , we find
Note the large numerical factors coming from the big differences between the values of the CKM matrix elements. When the species of the charged lepton and the neutrino are same, the decay rate of the
And for the different species of the charged lepton and the neutrino, the decay rate of the process b → qe l ν n is
The subindices W, H and I of Γ denote the W mediated (SM), charged Higgs mediated and interference contributions respectively. The explicit forms and relations between Γ W , Γ H and Γ I are given in Ref. [15, 17] . For l = 1 and 2, R l and the interference term are vanishing assuming the electron and the muon are massless.
Since the species of the neutrinos cannot be distinguished by experiments and the R p / interactions allow the different kinds of the charged lepton and the neutrino as decay products, we should sum the above decay rates over neutrino species to compare with experimental data as follow
For the process b → eν X u , the ratio of the decay rate in the MSSM without R p to that in the SM is given by
We will call the above ratio a R p / -ratio. This ratio is always bigger than 1 assuming A u 11 is real and positive. Generally the above ratio could be smaller than 1. We will consider this possibility when we deal with the processes b → (e − , µ − )ν X c which are closely related to the semileptonic branching ratio of B-meson. For the process b → µν X u , the R p / -ratio is given by
The aboove two ratios could be largely affected by R p / within the present bounds on λλ ′ and λ ′ λ ′ .
The measurements of the process b → ue − (µ − )ν allow contributions of about 100 % of the SM rate. In Table I , we list the combinations of couplings whose present upper limits allow R u (1, 2) to have values greater than 2, assuming only one product of R p -violating couplings is nonzero and A q ll is real and positive. For example, the bound λ ′ 132 λ ′ 112 < 4.8 × 10 −3 can allow the ratio R u 1 to have the value of 9. From Table I , we can see that this large enhancement comes from the big differences between the values of the CKM matrix elements. This means that the experimental determination of the ratio V ub V cb could be greatly affected by R p / . There are no important contributions of B u (1,2)n to R u (1,2) taking into account the constraints coming from B 0 -meson decays into two charged leptons [10] . For example, let's assume that only λ 132 λ ′ 113 which contributes B u 23 is not vanishing. The upper bound on the product is 1.2×10 −3 without considering the process B 0 → µ ± τ ∓ . This upper bound gives R u 2 < 2.2. But the product is more strongly constrained by the measurement of the process B 0 → µ ± τ ∓ : λ 132 λ ′ 113 < 6.0 × 10 −4 . This gives R u 2 < 1.3. The maximum values of R u 1 and R u 2 allowed by B u (1,2)n are 1.1 and 1.3 respectively. For the process b → τν X u , the R p / -ratio is given by
This process could be largely affected by R p / (see Table I ). There is no experimental evidence for this process at present.
For the process b → eν X c , the R p / -ratio is given by
The measurements of the process b → c e −ν allow contributions of about 5 % of the SM rate. In Table II , we list the combinations of couplings whose present upper limits allow R c 1 to have values greater than 1.1 assuming only one product of R p / -violating couplings is nonzero and A q ll is real and positive. For the process b → µν X c the R p / -ratio is given by
We list the combinations of couplings similar to the case of b → eν X c in Table II . We also observe that the contributions of B c (1,2)n are negligible taking into account the constraints coming from B 0 -meson decays into two charged leptons.
From the considerations of the processes b → e(µ)νX u,c , we can see that the contributions of the λ-type couplings to the semileptonic decays of B-meson would be negligible comparing with those of the λ ′ -type couplings within present bounds.
If we loose the assumption that A c 11 and A c 22 are real and positive, R p / can decrease the semileptonic branching ratio. For example, let's assume that only λ ′ 132 λ ′ 122 which contributes to A c 11 is nonzero. Since the upper bound on the magnitude on this combination is 4.8×10 −3 , it can decrease R c 1 by 0.3. In fact we obtain
This implies that it is possible to explain the gap between the measured and the expected values for the semileptonic branching ratio of B-meson by R p / . R p / could results in the lepton non-universality. The semileptonic branching ratios b → eνX and b → µνX measured by the L3 collaborations [19] are
Considering this lepton universality measurements under the assumption that R p / does not contribute to these two semileptonic branching ratios simultaneously, we can derive bounds on single and some products of R p / couplings slightly stronger than previous ones, see Table  III .
For the process b → τν X c , the R p / -ratio is given by
Using the SM prediction for the branching ratio BR(B → τνX) = 2.30 ± 0.25% [17] and the experimental results of the branching ratio, 2.68±0.28% [18] and assuming BR(b→τν X(Rp / )) BR(b→τν X(SM )) ≈ R c 3 , we obtain
We find that all the constraints on the products of R p / couplings coming from the measurement of the branching ratio of the processB → τνX are weaker than present ones neglecting R 3 .
To see the effects of R p / on the determination of the upper bound on r = tan β/m H ± , we assume only A c 33 is not vanishing. The condition R c 3 < 1.34 becomes
Assuming A c 33 is real and using the present bound |A c 33 | < 1.0 × 10 −1 and we find
We obtain slight weak upper bounds on r than that of Ref. [15] : r < 0.51 GeV −1 . We observe the effects of R p / on the bound on r are negligible. In conclusion, we investigate the effects of R p / on the semileptonic decays of B-meson in the MSSM with explicit R-parity violation. We find that R p / has large effects on the experimental determination of the ratio V ub V cb and could decrease the semileptonic branching ratio. The effects of λ-type couplings are negligible compared with those of λ ′ -type couplings. Also are derived the bounds on single and some products of R p / couplings slightly stronger than previous ones. We observe that the effects of R p / on the bound on r are negligible.
TABLES TABLE I. Maximally allowed R p / -ratios and the list of combinations whose present upper bounds are weak enough to allow the ratios to have the value greater than 2 for the processes b → e lν X u . We assume that only one combination is nonzero and A u ll is real and positive. We use the magnitudes of the CKM matrix elements and the masses of the squarks and the sleptons as shown in Eq. (6) .
Processes
Combinations 3  TABLE II . Maximally allowed R p / -ratios and the list of combinations whose present upper bounds are weak enough to allow the ratios to have the value greater than 1.1 for the processes b → e lν X c . We assume that only one combination is nonzero and A c ll is real and positive. We use the magnitudes of the CKM matrix elements and the masses of the squarks and the sleptons as shown in Eq. (6) .
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